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High Voltage Generation

- HV is needed to make the drift field to collect the signal electrons in TPCs

- HV has been supplied in two ways: | |

« Greinacher/Cockcroft Walton Q)

from Wikipedia

» HV generated inside -- no feedthrough

+ Argontube at AEC-LHEP Bern

« ETH Zurich group is also using this

« Commercial HV power supply &

custom HV feedthrough to

TPC cathode

« |[CARUS, MicroBooNE,
ArgoNeuT/LArlAT,
35T

To Cathode
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Greinacher/Cockcroft Walton Experience

« Argontube was able to successfully
run at 125 kV and collect beautiful
tracks over a 5 m drift. (http:/arxiv.org/

abs/1408.6635)
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* There were some issues raising this
voltage to the design of 500 kV

 Breakdown was observed with
Vcathode > 150 kV

 Given the design, this
corresponds to Emax ~56 kV/cm
on the TPC

-« Coating will improve breakdown
voltage, test in progress

« Charging takes time for uniform
field
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HV Feedthroughs

« Can be a source of breakdown

* Here, we’re largely concerned
with breakdown along the
feedthrough (either
instantaneous or delayed)

« Surface conductivities and
charge behavior are not well
known™

*Some work is being done here
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HV Feedthroughs
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(from H.Wang HVNL@FNAL'13
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HV Feedthroughs

» ICARUS ran successfully at 75 kV
(and 150 kV for some hours)
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HV Feedthroughs

- ICARUS ran successfully at 75 kV
(and 150 kV for some hours)

* MicroBooNE’s geometry
necessitated a longer design

» Tested successfully at 128 kV
for 3 days in test cryostat until
we ran out of LAr
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ICARUS |

HV Feedthroughs

« ICARUS ran successfully at 75 kV
(and 150 kV for some hours)

* MicroBooNE’s geometry
necessitated a longer design

» Tested successfully at 128 kV
for 3 days in test cryostat until
we ran out of LAr

(from H.Wang HVNL@FNAL'13)

- 35 T/ELBNF has a feedthrough
designed for even higher voltages

- High field region is handled by a
“plug” piece (H. Wang & A.
Teymourian)

from H.Wang HVNL@FNAL’13
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HV Breakdown
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HV Breakdown

* |t is crucial to understand breakdown
through LAr

* This is relevant for TPC design
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HV Breakdown

* |t is crucial to understand breakdown
through LAr

 This is relevant for TPC design

- An often quoted dielectric strength of LAr used to be 1.4 MV/cm
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HV Breakdown

* |t is crucial to understand breakdown
through LAr

 This is relevant for TPC design

- An often quoted dielectric strength of LAr used to be 1.4 MV/cm

« This comes from a Swan 1960 study using 5 mm spheres at
sub-mm distances
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HV Breakdown Liquid  Strength (MV em~t) 3
Nitrogen Ta—
Oxygen
» Itis crucial to understand breakdown Argon
through LAr Hlydrogeiiy

* This is relevant for TPC design

- An often quoted dielectric strength of LAr used to be 1.4 MV/cm

« This comes from a Swan 1960 study using 5 mm spheres at
sub-mm distances
VOL ui, wvu, 3 ELECTRODE duia

« Should not be eXtrapOIated Table 11. Mean strengths for liquified gases (mv/cm)

Platinum Stainless

planation of the effect. The nonlinear plot for argon m;“"‘”“f‘mm ‘:::‘ °’°°"°::;‘._
and stainless steel suggests that the strength of ar- Fig.2  ref. (2) Fig.3 el (2)
gon for really large spacings (> 100 p) would .be 0 036 = 05
much less than that quoted in Table II, and any in- 2.00 0.93 2.38 m’

2.26 0.93 1.88 1.00
crease _far _smaller p. swan and T. Lewis, J. Electrochem. Soc. 107 (1960) 180.

ime _and nlatinum electrodes, in order ¢~ make di-
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HV Breakdown: Recent Results

* Indeed, recent results have reported
much lower dielectric strength values
for larger distances & geometry

- The ETH Zurich group reported on
breakdowns as low as 40 kV/cm
across a 1 cm gap between 20
cm? profiles in boiling LAr

http://arxiv.org/pdf/1401.2777v1.pdf

- Bubbles may induce
breakdown

Evidence of electric breakdown induced by bubbles in liquid argon*

F. Bay, C. Cantini, S. Murphy, F. Resnati," A. Rubbia, F. Serglampietri, and S. Wu
ETH Zurich - Institute for Particle Physics,

° Se‘tup aISO held 1 OO kV Otto-Stern-Weg 5, 8093 Zurich (Switserland)

(Dated: 13 January 2014)

(PS |im it) for fou r hou rS in We report on the results of a high voltage test in Bquid angon in order to measure its
n On — bOi I i n g LAr dielectric rigidity. Under stable conditions and below the boiling point, lquid argon was

found to sustain a uniform electric field of 100 kV /cm, applied in a region of 20 cm? area
across 1 cm thick gap. Whean the Bquid is boilisg, breakdowns may occur at electric fickds as
kow as 40 kV/cm, Thas test is one of the R&D efforts towards the Giant Liquid Argon Charge
Imaging ExpeRiment (GLACIER) as proposed Liguid Argon Time Projection Chamber

{(LAr TPC) for the LBNO observatory foe neutrine plysics, astropbysics and nuchoa decay

et] 13 Jan 2014

searches,
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HV

Breakdown:

 |Indeed, recent results have reported
much lower dielectric strength values

for larger distances & geometry

* The Bern group reported on

measurements up to the cm scale

)
l

o D.W.Swan and T.F. Levls, r=2.5mm, 20% 02
o D.W.Swan and T.F. Levis, r=2.5mm, 1% 02
4 D.W.Swan and T.F, Levis, =2.5mm, 0,002% 02

¢ D.W.Swan and T.F, Lavis, r=2.5mm, 0.00002% 02
v Our measuremaent r=20 mm, 20 ppm 02
¢ Our measurement r=20 mm, 3 ppb O2

» Our measurement r=40 mm, 1 ppb 02

* ARGONTUSBE, r=10-200 mm, 0.1 ppb 02

Breakdown field [MV/cm
o

i
‘?#m.;

10" |— 'R

Figure 7. Compilation of the experimental data on the clect
from our measurements.

Recent

Results

http://arxiv.org/abs/1401.6693

Surface: Electnc field norm

T —]

Experimental study of electrig
argon at centimeter scale

A. Blatter, A Erecitato, C.-C. Hsu, S, Janos, |,
C. Rudoif von Rohr, M. Schenk, T. Strauss, M.
ANer? Fannvevm Comier Sor Sandamenind Fhsvcs, Laodoren

......

Breakdowns at fields as
low as 40 kV/cm

5 e 100 0 50 100 150 0 50
r gor.kre P -
A RACT: | pape present resalts on me ety of e diclectnic st {1 d
ApOS sear b £ poirt aad cathode-asode dntas n e ran 0] = .
herca de > e anode, Wo o thae sch datanc ho applwed
which be is as Jow 40 kViem. Flash-overs across 1 wd Geelectr I
tape foed gh are obser kngth 0 mum vartng voltag SN
Pay ) sel reder e beeak free Oesig x fex h

UIC 1uruier acv 1OPIICIIL O1 UIC SLUUICS. 110 IMCASurcInc
of cathode-anode gap widths up to 10 mm with spherical ca
for such scale electric breakdowns in highly purified liquid argon
at field intensities significantly lower then expected, namely as low as 40 kV/cm. The observation
of a dependence of the breakdown field on the cathode-anode distance and on the cathode shape
supports the hypothesis that the breakdown is governed by space-charge effects in the volume and

CHSCIILCU 111 LIS PdplT CXLCIIA UIC dCdll
and plane anode. It is shown that
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HV Breakdown: Recent Results

* The Bern group has investigated
iIncreasing the max field a
component can withstand under
HV with a polymer coating (http://
arxiv.org/abs/1406.3929v1)

- Fields as high as 400 kV/cm
were reached over several mm
before breakdown

 This could remedy some
Issues with cathode discharge

g

A method to suppress dielectric breakd
liquid argon ionization detectors for catl
ground distances of several millimeters

U

M Auger A Ereditstio, D Coeldl, 5. Jascs, | Kresio, M. Losthy
C. Pedolf won Rote. T Strawss, T. Tolba and M. 5, Waber
_-‘ ot Easen Conter fw Fuondiawwsal Pouns Labsraury v Wb Kver A
’ vy Avw e vian
Eaal tgoc. krenliofllep. anihe .8

ASAraacT We proseme & sufend 1o sach choxic 348 breadey ax bigh
apen for Sthode-groead dhteco of sevecd malleseess. Ths can b 2

W2vI [phy

S arzbodan froes the Cubode. overoonsing lesittoes fud we wponsad ¢

Kevwonns Deboces sreagh. chooex bresbmen, Sqan) mpon Tare |

\l‘l l "."

T —_—_——

Table 1. Summary of the breakdown test measurements with 200 um and 450 pm thick polyisoprene layers
coating 5 cm and 4 cm diameter spheric cathodes, respectively.

Gap width | Max. field strength | Sphere diameter | Polyisoprene thickness | Breakdown
S mm 298 kV/cm 4 cm 450 um no

4 mm 358 kV/icm 4 cm 450 um no

3 mm 412 kV/cm 4 cm 450 um yes

5 mm 296 kV/cm Scm 200 um yes
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HV Breakdown: Recent Results

- The Bern group has investigated
iIncreasing the max field a
component can withstand under

14

I i ) 3 A method to suppress dielectric breakd
HV with a polymer coating (http: B s e i et
arxiv.org/abs/1406.3920v1) - ground distances of several millimeters

M Auger A, Ereditsto, O. Coeldl, 5. Jancs, | Krewio’, M. Loeth

- Fields as high as 400 kV/cm
were reached over several mm - R e
before breakdown

v Borw. Sexsoriand
Emal tgec. krenlofllep. anide .o

Aaraact We prosem & sefead 1o sach chowic 308 bmeaddty ax bigh
wpen for thode-groend dhteco of sevecd mlleneess. Ths caa b )
Sl arnbodan froes the Cabode overoonsing lesittoex fud we wponsad ¢

WA |phys

 This could remedy some
iIssues with cathode discharge

This is significantly higher than
the previous breakdown

measurement
Table 1. Summary of the breakdown test measure
coating 5 cm and 4 cm diameter spheric ca tively.
Gap width | Max. field stren ere diameter | Polyisoprene thickness | Breakdown
S mm 298 kV/cm 4 cm 450 um no
4 mm 358 kV/icm 4 cm 450 um no
3 mm 412 kV/cm 4 cm 450 um yes
5 mm 296 kV/cm Scm 200 um yes
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HV Breakdown: Recent Results

Liquid Argon Dielectric Breakdown Studies with the
MicroBooNE Purification System

N Acclarri, B. Carls, C James, B. Joh L8 st 4 N
JA. Raal, R Ramelka, 8. Rebel, G P Zeller, and M. Zockerbeot

Fovm Nt Ay vlanvnoe Ladwostorrs P Ron 30 Ravwrona, N, 83550 L3

det] 1 Aug 2014

* Indeed, recent results have reported much
lower dielectric strength values for larger
distances & geometry

Field (kV/cm)
2

- At FNAL, we measured breakdown vs &
distance and varied contamination level «
and cathode size (http://arxiv.org/abs/

1408.0264) 1o?
- We had breakdowns with Emax between - Shapes correspond to different purities
~ 40 kV/cm to > 1 MV/cm 107 10° 107
Stressed area,
- We found a LAr purity effect with only peak field is at the
the smallest cathode at distances =z cm star, shaded pink

has E>80% *Emax
- Across cathode sizes, the parameter of s
interest seemed to be stressed area (or

volume)
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HV Breakdown: Recent Results

« We also noted that the distribution of breakdown voltages for a given
configuration followed a Welibull function as suggested by literature
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HV Breakdown: Recent Results

« We also noted that the distribution of breakdown voltages for a given
configuration followed a Welibull function as suggested by literature

Uber Oberflicheneffckte beim elektrischen Durchbruch von Fliissigkeiten 161

mit Wechselspannungen sind vollautomatisch arbeitende Versuchseinrichtungen mit
Erfolg verwendet worden®. Als einer der ersten hat Weibull? darauf hingewiesen,
daf die zu erwartende statistische Verteilungsfunktion von der GauBschen verschieden
wiire und er schlug andere, unsymmetrische Typen der Verteilungsfunktion vor.

Gauster, W.F. Uber Oberflicheneffekte beim clektrischen

Durchbruch von Flissigkeiten Ingenieur Archiv (1956) 10 160-
167
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HV Breakdown: Recent Results

« We also noted that the distribution of breakdown voltages for a given
configuration followed a Welibull function as suggested by literature

Uber Oberflicheneffckte beim elektrischen Durchbruch von Fliissigkeiten 161

mit Wechselspannungen sind vollautomatisch arbeitende Versuchseinrichtungen mit
Erfolg verwendet worden®. Als einer der ersten hat Weibull? darauf hingewiesen,

dal} die zu erwartende statistische Verteilungsfunktion von der GauBschen verschieden

wiire und er schlug andcmA mavmmeatrmaecha Tynen dor Vartailiinecfiinlbtinm can
Breakdown Voltage at 7 mm Spacing (76 mm Ball)
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» Understanding the width and
eventually how this varies in time
will help define the breakdown
probability for a given configuration

—_
o

(¢

| 1 1 1 1 | 1 1 1 1 | 1 1 1 1
90 100 110 120
Breakdown Voltage (kV)

o
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Potential Impact on Experiments

- HV limitations could force an
experiment to run at a lower voltage
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Potential Impact on

=Xperiments

« HV limitations could force an

experiment to run at a lower voltage

« A lower drift field would lead to

* More recombination
 Less e signal
* More late light

WINP at BNL: HV Generation and Breakdown
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from S.Kubota, et al. (1979)

FIG. 2. Vanation of relative luminescence intensity L and collected charge @ in liquid argon, krypton, and xenon vs applied-

electric-field strength for 0.976- and 1.05-MeV clectrons
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Potential Impact on

=Xperiments

« HV limitations could force an

experiment to run at a lower voltage

« A lower drift field would lead to

* More recombination
 Less e signal
* More late light

* A longer drift readout window

150} - ) x;
3 Charge
c
2100
:

S
|
3 %I Light
s e
0 A A A
8 10 12

Field Strength ( kV/cm)

- DAQ would need to be able to handle this or part of the detector would

be missing

WINP at BNL: HV Generation and Breakdown

February 5, 2015

S. Lockwitz

from S.Kubota, et al. (1979)

FIG. 2. Vanation of relative luminescence intensity L and collected charge @ in liquid argon, krypton, and xenon vs applied-
electric-field strength for 0.976- and 1.05-MeV clectrons




Potential Impact on Experiments

C . i e
- HV limitations could force an C'h 5
experiment to run at a lower voltage 2 arge 2
3100 -
+ A lower drift field would lead to : ‘ g
) . E;
» More recombination 2 Light 2
, s Xe 2

* Less e signal ° g -
- More late light or St

Field Strength ( kV/cm)
° A IO N g er d rlft read O ut W| N d ow FIG. 2. Variation of relative luminescence intensity L and collected charge @ in liquid argon, krypton, and xenon vs applied-

electric-field strength for 0976 and 1.05-MeV clectrons

- DAQ would need to be able to handle this or part of the detector would
be missing

- Greater positive ion charge build up from cosmic rays if the detector is on
the surface

« Distorts the drift field

WINP at BNL: HV Generation and Breakdown February 5, 2015 S. Lockwitz 13



Potential Impact on Experiments

« HV breakdowns would lead to
downtime and possible component
damage

 Broken resistors

- Damaged other components with §
reduced, or no, functionality

« Polyester HV test piece
« Sustained many arcs
- Eventually, severe
mechanical damage

WINP at BNL: HV Generation and Breakdown February 5, 2015 S. Lockwitz 14



HV Damage Avoidance
and Mitigation

AU e |
M HV Degrader M"”“”m”““"“’“ AN
§ HY Deg

,. fii»JMWHW}}"M:

« We often cannot access the TPCs for
repairs, and downtime should be minimized

<
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« So we want to reduce the risk for
damage

 Use robust materials

 Durable resistors with high power and
voltage ratings

- |ICARUS (rated to 24 kV in air)

 MicroBooNE used resistors rated to
48 KV in air on the first 1/4 of the
TPC (normal op. 2 kV) (nttp://arxiv.org/abs/
1408.4013)

 Avoid using materials that break or scar
under HV stress (previous slide)

Figure 10, The Mctallux HVR 969.23 resistors mounted on the 16 ficld cage loops closest o the cathode,

WINP at BNL: HV Generation and Breakdown February 5, 2015 S. Lockwitz 15
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HV Damage Avoidance
and Mitigation

- Surge Protection

- If the feedthrough or cathode
discharges, very high voltages can
appear across the field cage resistors

 MicroBooNE installed varistors on the
higher voltage 1/2 of the TPC to protect
the resistors

- Gas discharge tubes (GDTs) were also
iInvestigated and found to be suitable
(http://arxiv.org/abs/1406.5216). Used in LArIALT.

* Isolate the stored energy

Feedthrough

* A resistor upstream of the feedthrough
(or cathode) avoids releasing all of the
stored energy in the cable into the
cryostat in the event of a discharge

1

[] 1

1 1

[] 1

I U -
q

A L4

-----------

To Cathode
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Closing Remarks

- While LArTPCs have run successfully in the past,

* It is desirable to characterize a set of LAr (and LXe) properties to
efficiently design future experiments
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Closing Remarks

- While LArTPCs have run successfully in the past,

* It is desirable to characterize a set of LAr (and LXe) properties to
efficiently design future experiments

+ Especially important for larger drift lengths
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Closing Remarks

- While LArTPCs have run successfully in the past,

* It is desirable to characterize a set of LAr (and LXe) properties to
efficiently design future experiments

+ Especially important for larger drift lengths
- After understanding the HV stability requirements, we would need to know
- How dielectric strength varies with various conditions

- Geometry (stressed area, volume)

Purity

Pressure

Surface treatments (coatings?)

How the breakdown probability behaves in time

WINP at BNL: HV Generation and Breakdown February 5, 2015 S. Lockwitz 17



Closing Remarks

- While LArTPCs have run successfully in the past,

* It is desirable to characterize a set of LAr (and LXe) properties to
efficiently design future experiments

+ Especially important for larger drift lengths
- After understanding the HV stability requirements, we would need to know
- How dielectric strength varies with various conditions
- Geometry (stressed area, volume)
* Purity
* Pressure
 Surface treatments (coatings?)
- How the breakdown probability behaves in time
« Some metrics on insulator performance
 For feedthroughs

- And because TPCs are constructed with insulators
WINP at BNL: HV Generation and Breakdown February 5, 2015 S. Lockwitz



Closing Remarks
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Breakdown in liquid argon

LHEP, Uni-Bem

May 2014

8mm gap, Vsphere about -100 kV

®
-
-

Closing Remarks

* |I’ve highlighted some work that has been done --
some beginning published studies

CAROSATOR N FLE HODHINIRG DM S

LHEP

UNIVERSITAT BERN
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Breakdown in liquid argon

LHEP, Uni-Bem

May 2014 .

8mm gap, Vsphere about -100 kv

&
»
-

Closing Remarks

* |I’ve highlighted some work that has been done --
some beginning published studies

« Work is ongoing elsewhere -- Bern is testing the
polymer coating on Argontube, and will soon
publish a study on the optical and current ot
properties of breakdown in LAr LHEP

UNIVERSITAT BERN

- EXO is investigating HV issues in LXe

WINP at BNL: HV Generation and Breakdown February 5, 2015 S. Lockwitz 18



Breakdown in liquid argon
LHEP, Uni-Bem

May 2014
8mm gap, Vsphere about -100 kV
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Closing Remarks

* |I’ve highlighted some work that has been done --
some beginning published studies

« Work is ongoing elsewhere -- Bern is testing the
polymer coating on Argontube, and will soon
publish a study on the optical and current
properties of breakdown in LAr

CADOSATOR IV FLE HOTHINGRG DM il

LHEP

UNIVERSITAT BERN

- EXO is investigating HV issues in LXe

- At FNAL, we’re also continuing work on the HV front --
focusing on LAr dielectric strength and insulator
performance

- We have a cryostat that will be dedicated to HV
studies in pure LAr:

- Blanche: Breakdown (or Big) liquid argon cryostat
for high-voltage experiments
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Breakdown in liquid argon
LHEP, Uni-Bem

May 2014
8mm gap, Vsphere about -100 kV
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Closing Remarks

* |I’ve highlighted some work that has been done --
some beginning published studies

« Work is ongoing elsewhere -- Bern is testing the
polymer coating on Argontube, and will soon
publish a study on the optical and current
properties of breakdown in LAr
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LHEP

UNIVERSITAT BERN

- EXO is investigating HV issues in LXe

- At FNAL, we’re also continuing work on the HV front --
focusing on LAr dielectric strength and insulator
performance

- We have a cryostat that will be dedicated to HV
studies in pure LAr:

- Blanche: Breakdown (or Big) liquid argon cryostat
for high-voltage experiments

- Thank you for your attention!
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Phase Il : Bern LXe cell miniEXO TPC mockup tests

T - | o) - Detail showing voltage divider
The miniEXO TPC : mounted on acrylic outside of teflon
¥ EXO-200 dia., one “anode” ,1, ’ﬁ: =i / reflectors as in EXO-200
: R -
, SR % AR Bern cryostat with miniEXO
t;; " i mockup installed (cross section
. D0 , g ke -m v jﬁ with reflectors visible.)

TR

. Engineered by L. Bartoszek
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HV testing of the miniTPC mockup : plans at Bern

. Complete testing/characterization of the Bern LXe cryostat including purity

measurement (with the Bern TPC installed).

. Warmup, complete miniTPC assembly (cathode), install in cryostat.
. Low voltage test
. Clean up : pump down followed by room temp xenon gas recirculation.

HV test
1. Raise voltage (max of 40 kV).
2. Camera(s) images any discharges
3. “Glitch detector/scope” used

. Decision point depending on what is seen. Possible choices :

1. Remain cold — attempt to change purity
2. Warm up — HV retest in gas
3. Warm up — Open cryostat, modify miniTPC, retest

I plan to travel to Bern in February to work with Razvan with possible assistance
from Sebastien.
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Phase lll - Planning just recently begun

 Mike Heffner and Allen House and | have discussed ideas — both
Mike and Allen have been to SLAC to see the setup in our lab.

* In broad summary, the test cells would include a small diameter
full-drift-length version for testing the nEXO voltages for full field,
and a larger radius cell to accommodate full or near-full size parts
horizontally.

* In addition, a study of testing in gas (full scale parts) is a good
idea.

* | have spoken to LZ leadership re: their HV setup. It turns out this
setup is desighed to accommodate additional setups like ours.
This is an attractive option. Logistics, timing, details need to be
discussed .



The LZ test setup at SLAC in a former PEP IR is due to
begin operation late this coming spring. Cooling is provided by
thermal siphons, and several extra ports are provided. There is a
xenon recirculation and purification system (max flow they wish to
study is high — 500 SLPM). There is much extra “floor space”.

Above the LN dewar is
shown, with the associated
thermal siphon umbilicals.
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